A series of 1,3a,8-alkylpyrrolidinoindolines have been synthesized. The scope and limitations of the alkylation of starting methyl oxindol-3acetates are explored employing electron-rich and electron-poor alkylating agents. Hydrolysis and reductive lactonization of the resulting carboxylic γ-oxindolic acid derivatives proceeds with good yields to afford 2-oxofuroindolines providing ready access to the pyrrolidinoindoline derivatives.
Our group already reported a convenient procedure for the efficient preparation of (1,3-dialkyl-2-oxo-3-indolyl)acetonitriles from commercially available 3-acetonitrilindole in good yields. This method was applied to the synthesis of isotope labeled Me(3a)-13 C-physostigmine [6] and extended to the synthesis of a series of pyrrolidinoindolines 1a-g, including the marine alkaloid debromoflustramine B (1a) [1] . Nevertheless, this approach presents a drawback in the relatively pricey starting 3-acetonitrylindole. For this reason, an alternative method to form the fore-mentioned pyrrolidinoindolines could be the use of cheaper plant hormone 3-indolyl acetic acid (2a) [7] as starting material coupled with further synthetic transformations.
Particularly promising γ-lactones were envisaged as intermediates. In this regard, the recently published synthesis of 2-(1,3-dialkyl-2-oxo-3-inolyl)acetic acids starting from methyl ester 2b [8] offers a valuable route to 2-oxofuro[2,3-b]indoles. Herein we describe an alternative synthetic route of pyrrolidinoindoline derivatives 1b-g based on the reductive lactonization of the sodium salt of carboxylic γ-oxindolic acid derivatives [9] .
First, we decided to investigate the synthetic scope and limitations of the N-and C-alkylation of methyl 2-(2-oxo-3-indolyl)acetates 3a-d (Scheme 1). The influence of the alkyl halide and oxindole substrate on the yield of methyl 2-(1,3-dialkyl-2-oxo-3-indolyl)acetates 4a-g was studied for this aim. A full range of 1,3-substituted aliphatic, allyl, benzyl and heterobenzyl oxindol-3-acetates 4a-g were prepared by mono-or di-alkylation of the corresponding oxindoles 3a-d with the proper alkyl halide under phasetransfer conditions in the presence of 15% aq KOH. The results are presented in Table 1 . Good yields were obtained for symmetrical N-and C-alkyloxindoles 4a and 4b prepared by reaction of 3a with 2.5 equiv of allyl and benzyl bromides (entries 1 and 2), whereas, similar reaction conditions with 3a as the substrate and the electron-poor pyridin-4-ylmethyl bromide or ethyl bromide as alkylating agents afforded much lower yields of the desired products 4c and 4d (entries 3 and 4) . This disparity in yields reflects a combination of the stability of the intermediate carbonium ion arising by a simple S N 1-type nucleophilic substitution mechanism and the nucleophilicity of the nitrogen and carbon atoms of the ambient oxindole. Table 1 ), rt; (b) 15% aq NaOH, 40-45°C, average yield 80%. To confirm the above finding, we have also examined the C-alkylation of protected N-alkyloxindoles 3b and 3d carrying methyl and benzyl groups, respectively. As shown in Table 1 , the reaction occurs cleanly to give the corresponding 3,3-alkyloxindoles 4e-g in good to excellent yields (entries 5 -7) . It should also be noted that an improved yield of 4d was obtained starting from 3c (entry 8).
With methyl 1,3-alkyloxindol-3-acetates 4a-g in hand, we subjected them to alkaline hydrolysis with 15% aq NaOH, affording the corresponding carboxylic acids 5a-g in 82-88% yield. It should be noted that ring enlargement of methyl oxindole-3-acetates to structural isomer quinolones could occur under acidic conditions [10] . Finally, the carboxylic acids 5a-g were transformed by a three steps sequence into pyrrolidinoindolines 1a-g (Scheme 2). The reductive lactonization of the sodium salt of carboxylic γoxindolic acid derivatives 5a-g with LiBHEt 3 produce the corresponding 2-oxofuroindolines 6a-g (Scheme 2), which were transformed into 2-oxopyrroloindolines 7a-g by reaction with methylamine in MeOH at room temperature. Further reduction of 7a-g with LiAlH 4 in refluxing THF gave pyrrolidinoindoline derivatives 1a-g in yields of 37% [9] , 55%, 74%, 56%, 58%, 62%, and 56%, respectively, for the three-step sequence. Interestingly, compared with the global chemical yields previously reported [1] , which were carried out starting from (1,3-dialkyl-2-oxo-3indolyl)acetonitriles in two steps, pyrrolidinoindolines 1b-d gave significant better global yields.
In general, the current method constitutes a valuable alternative to obtain pyrrolidinoindolines functionalized at C-3a and N-8 with different aliphatic, allyl, benzyl and heterobenzyl substituents starting from plant hormone 3-indolyl acetic acid. 
Experimental
Melting points (uncorrected), Fisher-Johns apparatus; IR, Perkin-Elmer 16 FPC FT infrared spectrophotometer; 1 H (300 MHz) and 13 C (75 MHz) NMR, Varian Mercury spectrometer; MS, Varian Saturn 2000 spectrometer (70 eV ion source); High-resolution MS, Agilent LCTOF spectrometer at the UCR Mass Spectrometry Facility, University of California, Riverside. Flash chromatography was performed using silica gel 60 (230-400 mesh). The methyl oxindole-3-acetates 3a-3d used in this study were prepared as previously described [8, 11] . Compounds 4a, 5a, 6a, 7a, and 5f were synthesized [9, 12] as indicated in Schemes 1 and 2.
General alkylation procedure: To a solution of the corresponding methyl oxindole-3-acetate 3a-d (5.0 mmol) in CH 2 Cl 2 (30 mL) were added 15% aq. KOH (15 mL), TBAHS (0.07 g, 0.21 mol) and the corresponding alkyl halide (1.3 or 2.5 equiv, see Table 1 ). The resulting mixture was stirred at rt for 4-5 h, the organic layer separated and the aqueous phase extracted with CH 2 Cl 2 (3 x 25 mL). The combined organic phases were washed with brine (3 x 30 mL), dried over anhydrous Na 2 SO 4 , and concentrated under reduced pressure. The crude product was purified by flash chromatography (4:1 hexane-EtOAc) to afford the corresponding dialkylated methyl oxindole-3acetates 4b-g.
Methyl 2(1,3-dibenzyl-2-oxo-2,3-dihydro-1H-indol-3yl)acetate (4b):
Prepared from 3a (1.0 g, 5.0 mmol) as a pale yellow oil. The crude product was purified by flash chromatography (hexane/EtOAc 4:1) (1.3 g, 68%). 
Methyl 2(1,3-diethyl-2-oxo-2,3-dihydro-1H-indol-3yl)acetate (4d):
Prepared from 3a (1.00 g, 5 mmol) as a pale yellow oil. The crude product was purified by flash chromatography (hexane/EtOAc 4:1) (0.19 g, 15 % yield). Compound 4d was also prepared from 3c (1.17 g, 5 mmol) using the general alkylation procedure described above in 50% yield (0.65 g). Rf General hydrolysis procedure: A precooled (0°C) solution of the corresponding dialkylated methyl oxindole-3-acetate 4b-g (2.0 mmol) in MeOH (10 mL) was treated with 15% aq NaOH (2.3 mL) and the resulting mixture stirred for 1.5 h at 40-50°C. The reaction mixture was cooled in an ice/water bath prior to quenching by the addition of 1 M HCl until pH ca. 1, followed by extraction with EtOAc (2 x 30 mL). The combined organic phases were washed with brine (2 x 20 mL), dried over anhydrous Na 2 SO 4 , and concentrated under reduced pressure. 
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2[1-Benzyl-3-(3-methylbut-2-enyl)-2-oxo-2,3-dihydro-1H-indol-3-yl]acetic acid (5f):
Prepared from 4f (0.73 g, 2.0 mmol) as a pale yellow oil. The crude product was purified by flash chromatography (hexane/EtOAc 1:1) (533 mg, 76% yield). Compound 5f displayed analytical data in accordance with the published values [12]. Benzyl-2-oxo-3-(pyridin-4-ylmethyl) General reductive cyclization procedure: To a precooled (0°C) solution of corresponding dialkylated oxindole-3acetic acid 5b-g (2.0 mmol) in dry THF (20 mL) was added NaH (57 mg, 2.4 mmol), and the reaction mixture stirred for 10 min at rt. After cooling at 0°C, LiBHEt 3 (1 M in THF, 2.5 mL, 2.5 mmol) was added dropwise and stirring continued at rt for 6 h. The reaction mixture was cooled in an ice/water bath prior to quenching by adding brine dropwise (5 mL). The organic layer was evaporated under reduced pressure and the residue treated with 5% HCl in brine until pH ca. 6, followed by extraction with EtOAc (3 x 30 mL). The combined organic phases were washed with brine (2 x 20 mL), dried over anhydrous Na 2 SO 4 , and concentrated under reduced pressure. -3 a ,8 -bis(py ridin -4 -y lmethy l) -2 ,3 ,3 a ,8 General lactamization procedure: Using a procedure described previously [13] , to a solution of the appropriate lactone 6b-g (0.6 mmol) in MeOH (20 mL) was added NH 2 Me (3 mL of a 2.0 M solution in MeOH, 4 mmol). The reaction mixture was stirred for 2-3 h at rt. Afterward, methanol was removed under reduced pressure, and the residue was suspended in EtOAc (30 mL). The suspension was washed successively with a 5% aq HCl solution (2 x 10 mL) and brine (2 x 10 mL). The organic layer was dried over anhydrous Na 2 SO 4 , and concentrated under reduced pressure. Benzyl-1-methyl-3a-(3-methylbut-2-enyl)-2-oxo-2,3,3a,8a-tetrahydro-8H-pyrrolo[2,3 General reduction procedure: To a precooled (0°C) stirred suspension of LiAlH 4 (100 mg, 2.6 mmol) in dry THF (20 mL) was added the appropriate lactam 7b-g (0.23 mmol) in dry THF (15 mL), and the mixture was heated at reflux for 3 h. After cooling the solution in an ice/water bath, the reaction was quenched by adding, in sequence, EtOAc (2 x 15 mL) and water (10 mL). The solids were removed by filtration and washed with EtOAc (2 x 15 mL). The combined organic phases were washed with brine, dried over anhydrous Na 2 SO 4 , and concentrated under reduced pressure. The crude product was purified by flash chromatography on silica gel (hexane/EtOAc 1:1) to afford 1b-g in 97-99% yield. Compounds 1b-g have spectroscopic data, which closely matches those previously reported [9] . Ray diffraction analysis of 5b, 5c, 5e, 5g, 6b, 6g and  7c . The studies were done on a Bruker-Nonius CAD4 diffractometer using Cu K radiation (λ = 1.54184 Å). The data were collected in the ω-2θ scan mode. Unit cell 464 Natural Product Communications Vol. 6 (4) 2011
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refinements were done using CAD4 Express v 2.0 software and structures were solved by direct methods using the SHELXS-97 program included in the WINGX v 1.64.05 package. The non-hydrogen atoms were treated anisotropically, and the hydrogen atoms, included in the structure factor calculation, were refined isotropically. The X-ray data collection and processing parameters are presented in Table 2 . Complete X-ray data are in deposit at the Cambridge Crystallographic Data Center. Table 2 : X-ray data collection and processing parameters for oxindole- 3-acetic acids 5b, 5c, 5e, and 5g, oxofuroindolines 6b and 6g, and pyrrolidinoindoline 
